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[57] | "ABSTRACT

A horizontal type continuous casting machine for cast-
ing molten steel into a cast steel strand, which com-
prises: a tundish for receiving molten steel to be cast; a
horizontal metal mold connected through a front noz-
zle, a feed nozzle, a break ring and a metal spacer ring

- having therein a cooling water passage to an opening

provided in the lower portion of a side wall of the tun-
dish; at least one pair of pinch rolls for intermittently
and continuously withdrawing molten steel directed
from the tundish to the horizontal mold into a cast steel
strand in the horizontal direction through the horizontal
mold by means of a plurality of cycles each comprising
one pull and one push; and a cooling zone for cooling
the cast steel strand withdrawn from the horizontal
mold. |

S Claims, 5 Drawing Sheets
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1
HORIZONTAL TYPE CONTINUOUS CASTING
' MACHINE FOR CASTING MOLTEN STEEL INTO
~ CAST STEEL STRAND

- This appllcatlon is a cont;nuatlon, of application Ser.
No. 808,347, filed Dec. 12, 1985 now abandoned.

FIELD OF THE INVENTION

The present invention relates to a horizontal type

4,770,229
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According to the above-mentioned conventional hor-

~1zontal type continuous casting machine, the cast steel

strand 7 is manufactured as follows. Molten steel 2

- received in the tundish 1 is introduced through the front

5
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~ continuous casting machine for casting molten steel into

a cast steel strand, which permits an easy and liquid-
‘tight connection of the downstream end of a break ring

to the 1n1et end of a horlzontal mold in a short period of
tlme | -

'BACKGROUND OF THE INVENTION'

15

~ A horizontal type continuous casting machine for

casting molten steel into a cast steel strand has recently
‘been industrialized. In this casting machine, molten steel
directed from a tundish to a horizontal mold is intermit-
tently and continuously withdrawn into a cast steel

strand in the horizontal direction through the horizontal -

mold by means of a plurality of cycles each comprlsmg

~ a pull and a push. . -

" The above-mentioned conventional horizontal type
continuous casting machine is described below with

- reference to FIG. 1. In FIG. 1, 1 is a tundish for receiv-

- ing molten steel. A horizontal metal mold 6 is connected
through a front nozzle 3, a feed nozzle 4 and a break
~ ring 5 to an opening 1A provided in the lower portion
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nozzle 3, the feed nozzle 4 and the break ring § into the

horizontal mold 6. Molten steel 2 introduced into the
horizontal mold 6 is intermittently and continuously
withdrawn into the cast steel strand 7 in the horizontal
direction through the horizontal mold 6 by the at least
one pair of pinch rolls (not shown). Then, the cast steel
strand 7 thus withdrawn from the horizontal mold 6 is
cooled while passing through the cooling zone (not
shown). The cast steel strand 7 is thus continuously cast.

In the above-mentioned conventional horizontal type
continuous casting machine, the break ring 5 has the
function of forming a sure starting point of solidification
of molten steel introduced into the horizontal mold 6. It
1s therefore important to liquid-tightly connect the
outer surface SA of the break ring 5 with the inlet end
6A of the horizontal mold 6 so as not to produce a gap
therebetween. If a gap is produced between the outer
surface 5A of the break ring 5 and the inlet end 6A of
the horizontal mold 6, deposited metal formed by solidi-
fication of molten steel 2 penetrating into this gap dur-
ing casting 1s caught by the gap, and this causes break-

age of a solidified shall 7A of the cast steel strand 7

during pull thereof, thus imparing smooth formation of

~ the solidified shell 7A. Defects are produced as a result

30

of a side wall of the tundish 1. The upstream end of the

front nozzle 3 is inserted into the opening 1A of the
tundish 1, and the downstream end of the front nozzle 3
is connected to the upstream end of the feed nozzle 4.
- The downstream end of the feed nozzle 4 is connected
- to the upstream end of the break ring 3§, and the down-
- stream end of the break ring 3 is connected to the inlet
end 6A of the horizontal mold 6. Thus, the opening 1A
- of the tundish 1, the front nozzle 3, the feed nozzile 4, the
break ring § and the horizontal mold 6 form a horizontal
passage for molten steel.

-~ The break ring 5§ has the function of formlng a sure

starting point of solidification of molten steel 2 intro-

 duced from the tundish 1 through the front nozzle 3, the

feed nozzle 4 and the break ring 5 into the horizontal
mold 6, and thus ensuring smooth withdrawal of a cast
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- steel stirand 7 from the horizontal mold 6. The inlet end

- 6A of the horizontal mold 6 is formed so as to match
with the tapered outer surface SA of the break ring 5,
and the outer surface SA of the break ring 5 comes into
a liquid-tight contact with the inlet end 6A of the hori-
zontal mold 6 by urging the break ring § toward the

50

- horizontal mold 6 by means of the feed nozzle 4. The

horizontal mold 6 is made of copper or a copper alloy
added with beryllium, and has therein a cooling water

53

passage 6B. Cooling water circulates through the cool- :

ing water passage 6B to cool the horizontal mold 6.
At least one pair of pinch rolls (not shown) and a

‘cooling zone (not shown) are arranged following the

horizontal mold 6. The at least one pair of pinch rolls

60

~ intermittently and continuously withdraws molten steel

2 directed to the horizontal mold 6 into a cast steel

strand 7 in the horizontal direction through the horizon-

“tal mold 6 by means of a plurality of cycles each com-
prising a pull and a push. The cooling zone cools the

on the surface of the cast steel strand 7 and may cause
breakout of molten steel 2 and breakage of the break
ring §.

It is therefore the conventional practlce, when re-
placing the break ring 5, to conduct a fitting operation
by repeatedly trying to fit the outer surface 5A of the
refractory break ring 5 to the inlet end 6A of the hon-
zontal mold 6 upon every grinding of the outer surface
SA of the break ring 5 so that a gap is not produced
between the outer surface SA of the break ring S and the
inlet end 6A of the horizontal mold 6, in order to ensure
a liquid-tight connection of the downstream end of the
break ring 5 to the inlet end 6A of the horizontal mold
6. However, it is not easy to verify, in the assembled
state of the horizontal mold 6 into the line, that no gap
is produced between the outer surface SA of the break
ring 5 and the inlet end 6A of the horizontal mold 6.
Consequently, the fitting operation of the break ring 5
requires much labor and time, and it is not easy to lig-
uid-tightly connect the downstream end of the break
ring § to the inlet end 6A of the horizontal mold 6.

Under such circumstances, there 1s a strong demand
for the development of a horizontal type continuous
casting machine for casting molten steel into a cast steel
strand, which permits an easy and liquid-tight connec-

tion of the downstream end of the break ring 5 to the

inlet end 6A of the horizontal mold 6 in a short period
of time by facilitating the above-mentioned fitting oper-
ation of the break ring §, but a horizontal type continu-
ous casting machine provided with such properties has
not as yet been proposed.

SUMMARY OF THE INVENTION

~An object of the present invention is therefore to

- provide a horizontal type continuous casting machine

65

. cast steel strand 7 thus withdrawn from the horizontal

mold 6

for casting molten steel into a cast steel strand, which
permits an easy and liquid- tight connection of the
downstream end of the break ring to the inlet end of the

~ horizontal mold in a short period of time.
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A principal object of the present invention is to pro-
vide a horizontal type continuous casting machine for
casting molten steel into a cast steel strand, which per-
mits an easy and liquid-tight connection of the down-
stream end of the break ring to the inlet end of the

horizontal mold 1n a short period of time by facilitating

“the fitting operation of the break ring.

In accordance with one of the features of the present

invention, there is provided a horizontal type continu-

ous casting machine for castmg molten steel lnto a cast

~ steel strand, which compnses

a tundish for receiving molten steel to be cast; a hori-
zontal metal mold connected through a front nozzle,
a feed nozzle and a break ring to an opening provided

in the lower portion of a side wall of said tundish, the

upstream end of said front nozzle being inserted into
said opening of said tundish, the downstream end of
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15

said front nozzle being connected to the upstream end

of said feed nozzle, the downstream end of said feed
nozzle being connected to the upstream end of said
break ring, the downstream end of said break ring
being connected to the inlet end of said horizontal
‘mold, thereby said opening of said tundish, said front
nozzle, said feed nozzle, said break ring and said
horizontal mold forming a horizontal passage for

20
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FIG. 3(B) i1s a partial sectional view illustrating for-
mation of a solidified shell of a cast steel strand during
the last stage of the pull period in one cycle comprising
one pull and one push for intermittently and continu-
ously withdrawing the cast steel strand in the horizontal

- direction from a horizontal mold of the conventional

horizontal type continuous casting machine as shown in
FIG. 1; |

FIG. 3(C) is a partial sectional view illustrating for-
mation of a solidified shell of a cast steel strand during
a push period in one cycle comprising one pull and one
push for intermittently and continuously withdrawing
the cast steel strand in the horizontal direction from a
horizontal mold of the conventional horizontal type
continuous casting machine as shown in FIG. 1;

FIG. 4 is a graph illustrating the decrease in tempera-
ture of a corner portion of a unit shell of a solidified
shell of a cast steel strand, which is in contact with a
corner of the inner bore of a horizontal mold of the
conventional horizontal type contmuous casting ma-
chine as shown in FIG. 1;

FIG. § is a schematic vertical sectional view illustrat-

- ing a first embodiment of the horizontal type continuous

25

molten steel; at least one pair of pinch rolls for inter-

mittently and continuously withdrawing molten steel

directed from said tundish through said front nozzle, .

said feed nozzle and said break ring to said horizontal
mold into a cast steel strand in the horizontal direc-
tion through said horizontal mold by means of a plu-
rality of cycles each comprising one pull and one

push; and a cooling zone for cooling said cast steel
strand withdrawn from said horizontal mold;

characterized in that:

a metal spacer ring (8, 12) having therein a cooling
water passage (8A, 12A) is provided between said
break ring (3) and said horizontal mold (6), the down-
stream side (8D, 12D) of the outer surface of said
‘spacer ring (8, 12) is in contact with said inlet end
(6A) of said horizontal mold (6), the upstream side
(8C, 12C) of the inner surface of said spacer ring (8,
12) is in contact with the outer surface (5A) of said
break ring (5), and an inner bore (9, 13) of said spacer
ring (8, 12), formed by the downstream side (8B, 12B)
of the inner surface of said spacer ring (8, 12), forms
part of said horizontal passage for molten steel in
cooperation with the inner bore (10, 15) of said hori-

zontal mold (6), formed by the inner surface (6C) of
said horizontal mold (6).

BRIEF DESCRIPTION OF THE DRAWINGS

JFIG. 1is a schematic vertical sectional view illustrat-
ing a conventional horizontal type continuous casting
machine for casting molten steel into a cast steel strand;

FIG. 2 is a descriptive view illustrating an example of
one cycle comprising one pull and one push for inter-
mittently and continuously withdrawing a cast steel
strand from a horizontal mold in the horizontal direc-
tion;

FIG. 3(A) 1s a partlal sectional view illustrating for-
mation of a solidified shell of a cast steel strand during
a pull period in one cycle comprising one pull and one
push for intermittently and continuously withdrawing a
cast steel strand in the horizontal direction from a hori-
zontal mold of the conventional horizontal type contin-
uous casting machine as shown in FIG. 1;

30

35

45

50

35

60

65

casting machine of the present invention for casting
molten steel into a cast steel strand;

FIG. 6 1s a perspective view illustrating an example of
a metal spacer ring which is provided between a break
ring and a horizontal mold of the horizontal type con-
tinuous casting machine of the present invention as
shown in FIG. §; |

FIG. 7 1s a partial vertical sectional view illustrating
an essential part of a second embodiment of the horizon-
tal type continuous casting machine of the present in-
vention for casting molten steel into a cast steel strand;

FIG. 8(A) 1s a partial vertical sectional view illustrat-
ing an essential part of a third embodiment of the hori-
zontal type continuous casting machine of the present
invention for casting molten steel into a cast steel
strand; and |

FIG. 8(B) 1s a partial vertical sectional view illustrat-
ing an essential part of a fourth embodiment of the
horizontal type continuous casting machine of the pres-
ent invention for casting molten steel into a cast steel
strand.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

From the above-mentioned point of view, we carried
out extensive studies to develop a horizontal type con-
tinuous casting machine for casting molten steel into a
cast steel strand, which permits an easy and liquid-tight
connection of the downstream end of the break ring to
the inlet end of the horizontal mold in a short period of
time by facilitating the fitting operation of the break
ring.

As a result, we obtained the following finding: by
providing a metal spacer ring between the refractory
break ring and the horizontal metal mold, it suffices to
conduct the fitting operation only between the break
ring and the spacer ring when connecting the down-
stream end of the break ring to the inlet end of the
horizontal mold, and by once fabricating the spacer ring
and the horizontal mold, which are both made of metal,
so as not to produce a gap therebetween, it is not neces-
sary to fabricate these parts again upon every connec-
tion of the break ring. Furthermore, by taking off the
spacer ring from the horizontal mold, the fitting opera-
tion of the break ring to the spacer ring can be per-
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formed offline, and thus the absence of a gap between
- the outer surface of the break ring and the inlet end of
the spacer ring can be easily verified. It is therefore
possible to easily connect liquid-tightly the downstream
. end of the break ring to the inlet end of the horizontal
+ mold in a short period of time.

The present invention was made on the basis of the

above-mentioned finding. The horizontal type continu-
ous casting machine of the present invention for casting

‘molten steel into a-cast steel strand is described below

~with reference to the drawings.

FIG. § is a schematic vertical sectional view illustrat-
ing a first embodiment of the horizontal type continuous
casting machine of the present invention for casting
- molten steel into a cast steel sirand. In FIG. §, 6 is a

“horizontal metal mold having a cooling water passage
6B. The horizontal mold 6 is connected through a front
- nozzle (not shown), a feed nozzle 4, a break ring 5 and
a metal spacer ring 8 as shown in FIG. 6 to an opening
provided in the lower pOI'tlDIl of a side wall of a tundxsh
(not shown) for- recewmg molten steel. |

The spacer ring 8 is made, just as the horizontal mold

10
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6, of copper or a copper alloy added with beryllium,

and has therein a cooling water passage 8A. Cooling
water circulates through the cooling water passage 8A
to cool the spacer ring 8. The inner bore 9 of the spacer
ring: 8 formed by the downstream side 8B of the inner
surface of the spacer ring 8 has a square cross-sectional
shape, just as the inner bore 10 of the horizontal mold 6
~ formed by the inner surface 6C of the horizontal mold 6.
The inner bore 9.of the spacer ring 8 forms a horizontal
‘passage for molten steel in cooperation with the inner
bore 10 of the horizontal mold 6, the opening in the
lower portion of the side wall of the tundish, the front
- nozzle, the feed nozzle 4 and the break ring 5. The
~ upstream side 8C of the inner surface of the spacer ring
8 is formed so as to match with the tapered outer sur-
face SA of the break ring 5, and the downstream side 8D
of the outer surface of the spacer ring 8 is formed so as
to match with the tapered inlet end 6 A of the horizontal
mold 6. By urging the break ring § toward the horizon-
- tal mold 6 by means of the feed nozzle 4, the outer
surface SA of the break ring 5 comes into a liquid-tight

- - contact with the upstream side 8C of the inner surface

- of the spacer ring 8, and the downstream side 8D of the
- outer surface of the spacer ring 8 comes into a liquid-

6

zontal mold 6 by the at least one pair of pinch rolls (not

- shown). Then, the cast steel strand 1l thus withdrawn

from the horizontal mold 6 is cooled while passing
through the cooling zone (not shown). The cast steel
strand 11 is thus continuously cast. -

In the first embodiment of the horizontal type contin-
uous casting machine of the present invention, in which

‘the metal spacer ring 8 is provided between the break

ring S and the horizontal mold 6, it suffices to conduct
the fitting operation only between the break ring 5 and
the spacer ring 8 when connecting the downstream end
of the break ring S to the inlet end 6A of the horizontal
mold 6, and accordingly the fitting operation of the
break ring 5 to the spacer ring 8 can be easily conducted
offline. It is therefore possible to easily achieve a liquid-
tlght connection of the downstream end of the break
ring 5 to the inlet end 6A of the horizontal mold 6 in a

short period of time.

In the above-mentioned first embodiment, the hori-

‘zontal type continuous casting machine of the present

invention for casting molten steel into a cast steel strand
having square cross-section has been described. The
present invention is applicable also to a horizontal type
continuous casting machine for casting molten steel mto
a cast steel strand having a circular cross-section.

FIG. 7 1s a partial vertical sectional view illustrating

- an essential part of a second embodiment of the horizon-

30

tal type continuous casting machine of the present in-
vention for casting molten steel into a cast steel strand.
The most important feature of the horizontal type con-
tinuous casting machine of the second embodiment lies

- in that the cross-sectional size of the inner bore of the

35

above-mentioned metal spacer ring provided between

the break ring and the horizontal mold becomes gradu-
ally smaller toward the downstream end of the break

ring. More particularly, as shown in FIG. 7, the diame-
ter R of the inner bore 13 of the spacer ring 12, having
a circular cross-section, which inner bore 13 is formed
by the downstream side 12B of the inner surface of the
spacer ring 12, becomes gradulally smaller from the
maximum diameter R, at the downstream end of the

- inner bore 13 to the minimum diameter R; at the up-

45

tight contact with the inlet end 6A of the horizontal |

mold 6.
- At least one pair of plnch rolls (not shown) and a
cooling zone (not shown) are arranged following the
horizontal mold- 6. The at least one pair of pinch rolls
intermittently and continuously withdraws molten steel
~ directed to the spacer ring 8 and the horizontal mold 6
into a cast steel strand 11 in the horizontal direction
- through the horizontal mold 6 by means of a plurality of
cycles each comprising one pull and one push. The
- cooling zone cools the cast steel strand 11 thus with-
drawn from the horizontal mold 6.
- According to the above-mentioned first embodiment
of the horizontal type continuous casting machine of the
present invention, the cast steel .strand 11 is manufac-
tured as follows. Molten steel received in the tundish is
introduced through the front nozzle (not shown) the
feed nozzle 4 and'the break ring 5 into the spacer ring 8
and the horizontal mold 6. Molten steel introduced into
the spacer ring 8 and the horizontal mold 6 is intermit-

- tently and continuously withdrawn into the cast steel -

strand 11 in the horizontal direction through the hori-

stream end of the inner bore 13 along a smooth concave
face over the downstream side 12B of the inner surface
of the spacer ring 12. The maximum diameter R, of the
inner bore 13 is substantially equal to the diameter of the
cast steel strand 14 having a circular cross-section
which is cast by the horizontal mold 6, i.e., equal to the

~ diameter of the inner bore 15 of the horizontal mold 6,

50
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having a circular cross-section, which inner bore 15 is
formed by the inner surface 6C of the horizontal mold 6.

Similarly to the spacer ring 8 of the above-mentioned
first embodiment of the present invention, the spacer
ring 12 of the second embodiment has therein a cooling
water passage 12A. The downstream side 12D of the
outer surface of the spacer ring 12 comes into a liquid-
tight contact with the inlet end 6A of the horizontal
mold 6, and the upstream side 12C of the inner surface
of the spacer ring 12 comes into a liquid-tight contact

“with the outer surface 5A of the break ring 5. The inner

bore 13 of the spacer ring 12 forms a horizontal passage

- for molten steel in cooperation with the inner bore 15 of
‘the horizontal mold 6, the opening in the lower portion

of the side of the tundish (not shown), the front nozzle
(not shown), the feed nozzle (not shown) and the break
ring 5. |
The other structures of the horizontal type continu-
ous casting machine of the second embodiment are the
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same as those of the horizontal type continuous casting
machine of the first embodiment shown in FIG. 5.

- The cross-section of the inner bore 13 of the spacer
ring 12 of the second embodiment of the present inven-
tion is gradually reduced from the downstream end of

the inner bore 13 toward the downstream end of the

break ring S for the following reason.

FIG. 2 is a descriptive view illustrating an example of
one cycle comprising one pull and one push for inter-
mittently and continuously withdrawing a cast steel
strand from a horizontal mold in the horizontal direc-
tion. In FIG. 2, the abscissa represents time, and the
ordinate indicates a pulling speed of the cast steel strand
in the portion above point “0” and a pushing speed of
the cast steel strand in the portion below point “0”. In
FIG. 2, the portion “a” represents the pull period in the
above-mentioned one cycle, the portion *“b”, the last
stage of the pull period in the one cycle, and the portion
“c”, the push period in the one cycle.

FIGS 3(A) to 3(C) are partial sectional views illus-
trating formation of a solidified shell 7A of a cast steel
strand 7 in the inner bore of the horizontal mold 6 when
withdrawing the cast steel strand 7 from the horizontal
mold 6 of the conventional horizontal type continuous
casting machine shown in FIG. 1 according to the

>
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method as mentioned above. FIG. 3(A) illustrates for-

mation of the solidified shell 7A of the cast steel strand
7 during the pull period in the above-mentioned one
cycle, FIG. 3(B) illustrates formation of the solidified
shell 7A of the cast steel strand 7 during the last stage of
the pull period in the one cycle, and FIG. 3(C) illus-
trates formation of the solidified shell 7A of the cast
steel strand 7 during the push period in the one cycle.
Intermittent withdrawal of the cast steel strand 7 has
the effect of causing a thin solidified shell 7A formed
near the break ring 5 during the pull period in one cycle
to grow thick during the push period in this cycle, so as
- to prevent the solidified shell 7A from breaking during
the pull period in the next cycle.

However, since the cast steel strand 7 is intermit-
tently and continuously withdrawn from the horizontal
mold 6 by means of a plurality of cycles each compns—
ing one pull and one push, a _]unctlon face which is
called a cold shut 16 is produced in the solidified shell
TA of the cast steel strand 7 between a unit shell 7A’

formed during one cycle and another unit shell 7A"”
newly formed during the next one cycle, as shown in
FIGS. 3(A) to 3(C). The cold shut 16 causes no problem
sO far as it is sufﬁcwntly welded, but when welding is
insufficient, a crack is produced on the surface portlon
of the solidified shell 7A of the cast steel strand 7 in the
horizontal mold 6 along the cold shut 16 during the pull
period in one cycle for withdrawing the cast steel strand
7. |

As shown in FIGS. 1 and 3(A) to 3(C), a corner
portion 7a of the unit shell 7A’ of the solidified shell 7A
Is in contact with a corner of the inner bore 10 of the
horizontal mold 6 (hereinafter referred to as the “corner
of the inner bore 10”), which corner of the inner bore 10
is formed by the horizontal mold 6 and the break ring 5
of the conventional horizontal type continuous casting
machine. Therefore, the corner portion 7a of the unit
shell 7A is cooled by means of both the horizontal mold
6 and the break ring 5 more remarkably than the other
portion of the unit shell 7A’, which is in contact only
with the horizontal mold 6, during the push period in
one cycle for withdrawing the cast steel strand 7, and as
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a result, the temperature of the corner portion 7a of the
unit shell 7A’ is largely reduced.

FIG. 4 1s a graph illustrating the decrease in tempera-
ture of the corner portion 7a. of the unit shell 7A’ of the
solidified shell 7A, which is in contact with the corner
of the inner bore 10 of the horizontal mold 6 of the
above-mentioned conventional horizontal type continu-
ous casting machine. As shown in FIG. 4, the tempera-
ture of the corner portion 7a of the unit shell 7A’ is

largely reduced during a very short period of time of

only from about 0.1 to about 0.3 second for which the
corner portion 7a of the unit shell 7A’ stays in the cor-
ner of the inner bore 10. If the temperature of the corner
portion 7a of the unit shell 7A’, which is formed during
one cycle for withdrawing the cast steel strand 7, is low,
the unit shell 7A", which is newly formed during the
next one cycle cannot sufficiently be welded together
with the corner portion 7a of the preceding unit shell
7A’". Empirically, when the temperature of the corner
portion 7a of the preceding unit shell 7A’ decreases to
below 1,400° C., the corner portion 7a of the preceding
unit shell 7A’ can not sufficiently be welded together
with the newly formed unit shell 7TA"”. As a result, an
insufficiently welded cold shut 16 is produced between
the unit shell 7A’ having the low-temperature corner
portion 7a, which is formed during one cycle and the
unit shell 7A”, which is newly formed during the next
one cycle.

In general, when the number of the cycles for with-
drawing the cast steel strand 7 from the horizontal mold
6 is larger than 150 cycles/minute, the cold shuts 16 are
sufficiently welded. In this case, however, a consider-
able load is imposed on the withdrawal facilities of cast
steel strand 7 including the pinch rolls. The number of
the cycles is therefore practically limited within the
range of from 50 to 150 cycles/minute. With the num-
ber of the cycles within this range, insufficiently welded
cold shuts 16 are produced in the horizontal mold 6 for
the above-mentioned reason, and thus cracks are pro-
duced along the insufficiently welded cold shuts 16.

Also 1n the first embodiment of the present invention
shown in FIG. 5, a corner portion 11a of a unit shell
11A’ of a solidified shell 11A of the cast steel strand 11
IS in contact with a corner of the inner bore 9 of the
spacer ring 8 (hereinafter referred to as the “corner of
the inner bore 9°’), which corner of the inner bore 9 is
formed by the spacer ring 8 and the break ring 5. There-
fore, the corner portion 11g of the unit shell 11A’ is
cooled more remarkably than the other portion of the
unit shell 11A’ during the push period in one cycle for
withdrawing the cast steel strand 11, and as a result, the
temperature of the corner portion 11a of the unit shell
11A’ is largely reduced. Therefore, there is a possibility
of producing an insufficiently welded cold shut 17 be-
tween the unit shell 11A’ having the low-temperature
corner portion 11g, which is formed during one cycle
and another unit shell 11A"”, which is newly formed
during the next one cycle.

On the contrary to the above, in the second embodi-
ment of the present invention as shown in FIG. 7, the
thickness of the wall of the spacer ring 12 near the
corner of the inner bore 13 formed by the downstream
side 12B of the inner surface of the spacer ring 12, is
larger than the thickness of the wall of the spacer rmg 8
near the corner of the inner bore 9 of the spacer ring 8
of the first embodiment of the present invention shown
in FIG. §. Therefore, a corner portion 14a of a unit shell
14A°’ of a solidified shell 14A of a cast steel strand 14,
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which corner portion 14g is in contact with the corner
of the inner bore 13 of the spacer ring 12, is cooled less

than the corner portion 11a of the unit shell 11A’ of the

solidified shell 11A of the cast steel strand 11, which
corner portion 11z is in contact with the corner of the

- Inner bore 9 of the spacer ring 8 of the first embodiment

shown in FIG. 5. I |
Furthermore, when the corner portion 144 of the unit
shell 14A leaves the corner of the inner bore 13 of the
spacer ring 12 during the pull period in the next cycle,
the corner portion 14¢ of the unit shell 14A’ comes into

‘contact neither with the cooled spacer ring 12 nor with-
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- the cooled horizontal mold 6, and is surrounded by the
- high-temperature molten steel flowing from the tundish

~into the spacer ring 12 and the horizontal mold 6.
Therefore, the corner portion 14a of the unit shell 14A’
rapidly recovers heat from the high-temperature molten

steel, and is sufficiently welded together with a unit

shell 14A" which is newly formed during the next one
cycle. Thus, a sufficiently welded cold shut 18 is pro-
“duced between the unit shell 14A’ and the unit shell
14A", and no crack occurs on the surface of the cast

15
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steel strand 14 along the cold shut 18. In addition, the

“above-mentioned cold shut 18, which is produced in an
inclined shape, is easily crushed during rolling of the
- cast steel strand 14 and disappears.

According to the second embodiment of the horizon-
~tal type continuous casting machine of the present in-
vention, it is possible to prevent occurrence of cracks
on the surface portion of the cast steel strand 14 along
the cold shuts 18, as described above, and moreover, the

25
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following additional effect is available. More specifi-

~cally, a recess caused by partial erosion may be pro-
duced during casting not only near the corner of the
inner bore 9 of the spacer ring 8 in the horizontal type
continuous casting machine of the first embodiment, but
also near the corner of the inner bore 13 of the spacer
ring 12 in the horizontal type continuous casting ma-
chine of the second embodiment, just as near the corner
~ of the inner bore of the horizontal mold 6 in the above-
mentioned conventional horizontal type continuous
casting machine. However, in the case of the spacer
ring 12 of the second embodiment, since the recess is
produced near the corner of the inner bore 13 at an
obtuse angle relative to the withdrawing direction of
~ the cast steel strand 14, resistance of the solidified shell

formed in the recess to the pulling force of the cast steel
- strand 14 is relatively small. Therefore, the solidified
~shell 14A of the cast steel strand 14 is never broken
“during the pull period in one cycle.

- As described above, the diameter R of the inner bore
13 of the spacer ring 12 of the second embodiment of
the present invention shown in FIG. 7 becomes gradu-
ally smaller from the maximum diameter R, at the
downstream end of the inner bore 13 to the minimum

diameter R at the upstream end of the inner bore 13

along a smooth concave face over the downstream side
12B of the inner surface of the spacer ring 12, which
forms the inner bore 13 thereof. According to experi-

~ ence, the cold shuts 18 are most sufficiently welded

when the difference between the maximum diameter R,
~and the minimum diameter Ri of the inner bore 13 is
~within the range of from 4 to 20 mm.
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is longer than the distance L of one pull in one cycle,

-the diameter of the tip of the solidified shell 14A of the

cast steel strand 14, which sticks to the end face of a

dummy bar inserted into the inner bore 15 of the hori-

zontal mold 6 at the beginning of casting of the cast steel
strand 14 becomes smaller than the diameter of the cast
steel strand 14. As a result, when the solidified shell 14A
of the cast steel strand 14, which sticks to the end face
of the dummy bar, is pulled by the dummy bar in the
withdrawal direction by the above-mentioned distance
L of one pull, a gap is produced between the solidified
shell 14A sticking to the end face of the dummy bar and
the-inner bore 15 of the horizontal mold 6, and molten
steel may leak through this gap toward the outlet end of
the horizontal mold 6. Since the distance L of one pull
Is practically within the range of from 5 to 30 mm, the
above-mentioned length 1 should preferably be up to the
range of from 5 to 30 mm. As can be derived from the
foregoing, a straight line which joins both ends of the
outlet side 12B of the inner surface of the spacer ring 12
in a plane including the axial line of the spacer ring 12
has an inclination angle within the range of from 4° to
64° relative to the axial line of the spacer ring 12.
F1G. 8(A) is a partial vertical sectional view illustrat-
ing an essential part of a third embodiment of the hori-
zontal type continuous casting machine of the present
invention for casting molten steel into a cast steel
strand. As shown in FIG. 8(A), the diameter of the
inner bore 13 of a spacer ring 12 of the third embodi-
ment of the present invention becomes linearly and
gradually smaller from the maximum diameter at the
downstream end of the inner bore 13 to the minimum

~ diameter at the upstream end of the inner bore 13 over
- the downstream side 12B of the inner surface of the

35

spacer ring 12, which forms the inner bore 13 thereof.
The other structures of the horizontal type continuous
casting machine of the third embodiment shown in FIG.
8(A) are the same as those of the horizontal type contin-

~uous casting machine of the second embodiment shown

in FIG. 7.
FIG. 8(B) 1s a partial vertical sectional view illustrat-

- ing an essential part of a fourth embodiment of the

45
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- The length 1 of the downstream side 12B of the inner

surface of the spacer ring 12, which forms the inner

63

bore 13 of the spacer ring 12, should preferably be up to |

the distance L of one pull in one cycle for withdrawing

 the cast steel strand 14. If the above-mentioned length ]

horizontal type continuous casting machine of the pres-
ent invention for casting molten steel into a cast steel
strand. As shown in FIG. 8(B), the diameter of the inner
bore 13 of a spacer ring 12 of the fourth embodiment of

the present invention becomes gradually smaller from

the maximum diameter at the downstream end of the
inner bore 13 to the minimum diameter at the upstream
end of the inner bore 13 along a smooth convex face

over the downstream side 12B of the inner surface of
the spacer ring 12, which forms the inner bore 13

thereof. The other structures of the horizontal type

continuous casting machine of the fourth embodiment

shown in FIG. 8(B) are the same as those of the hori-

- zontal type continuous casting machine of the second

embodiment shown in FIG. 7.
In the above-mentioned embodiments 2 to 4, the hori-

zontal type continuous casting machines for casting

molten steel into a cast steel strand of a circular cross-
section have been described, but the present invention is
applicable also to a horizontal type continuous casting
machine for casting molten steel into a cast steel strand
of a square cross-section. In the case of a horizontal type -
continuous casting machine for casting molten steel into
a cast steel strand of a square cross-section, the inner
bore of the spacer ring has a square cross-sectional

~-shape equal to that of the inner bore of the horizontal
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mold, and the dimensions of the inner bore of the square
cross-section of the spacer ring are determined on the
basis of a length of a side of the inner bore of the square
cross-section of the spacer ring instead of the diameter

R of the inner bore 13 of the circular cross-section of 5

the spacer ring 12 for casting molten steel into the cast
steel strand 14 of the circular cross-section.

- According to the horizontal type continuous casting
machine of the present invention, as described above in
detail, the downstream end of the break ring can easily
and liquid-tightly be connected to the inlet end of the
horizontal mold in a short period of time. In addition,
since the cross-section of the inner bore of the spacer
ring becomes gradually smaller toward the downstream
end of the break ring, it is possible to sufficiently weld
the cold shuts which are produced on the surface por-
tion of the solidified shell of the cast steel strand when
intermittently and continuously withdrawing molten
steel directed from the tundish to the spacer ring and
the horizontal mold into a cast steel strand through the
horizontal mold, thus permitting prevention of occur-
rence of cracks along the cold shuts.

What is claimed is:

1. A horizontal type continuous casting machine for
casting molten steel into a cast steel strand, which com-
prises: - |

a tundish for receiving molten steel to be cast; a hori-

zontal metal mold connected through a front noz-
zle, a feed nozzle and a break ring to an opening
provided in the lower portion of a side wall of said
tundish, an inlet end of said front nozzle being
inserted into said opening of said tundish, an outlet
end of said front nozzle being connected to an inlet
end of said feed nozzle, an outlet end of said feed
nozzle being connected to an inlet end of said break
ring, an outlet end of said break ring being con-
nected to an inlet end of said horizontal mold, said
horizontal mold having an inner surface defining
an inner bore therein; and said break ring having an
outer surface; said opening of said tundish, said
front nozzle, said feed nozzle, said break ring and
said horizontal mold forming a horizontal passage
for molten steel; at least one pair of pinch rolls for
intermittently and continuously withdrawing mol-
ten steel directed from said tundish through said
front nozzle, said feed nozzle and said break ring to
said horizontal mold into a cast steel strand in the
horizontal direction through said horizontal mold;
operating means drivingly coupled to said at least
one pair of pinch rolls to alternatively drive said at
least one pair of pinch rolls in first respective direc-
tions to produce a pull stroke of a predetermined
distance (L) and in second respective directions to
produce a push stroke, which pull and push strokes
are repeated, so that said cast steel strand is inter-
mittently and continuously withdrawn from said
horizontal mold in a plurality of cycles, each said
cycle comprising one pull corresponding to said
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pull stroke of said predetermined distance (L) and
one push corresponding to said push stroke; and a
cooling zone for cooling said cast steel strand with-
drawn from said horizontal mold:

the improvement comprising:

a metal spacer ring (12) having therein a cooling
water passage (12A), said spacer ring being cou-
pled between said break ring (5) and said horizontal
mold (6); said spacer ring having an inlet side, an
outlet side, an inner surface, at least part of said
inner surface defining an inner bore, and an outer
surface, said outlet side (12D) of said outer surface
of said spacer ring (12) being in contact with said
inlet end (6A) of said horizontal mold (6), said inlet
side (12C) of said inner surface of said spacer ring
(12) being in contact with said outer surface (5A) of
said break ring (5), and said inner bore (13) of said
spacer ring (12), formed by said outlet side (12B) of
said inner surface of said spacer ring (12), forming
part of said horizontal passage for molten steel in
cooperation with said inner bore (15) of said hori-
zontal mold (6);

the cross-section of said inner bore (13) of said spacer
ring (12) becoming gradually smaller toward said
outlet end of said break ring (5) along one of a
substantially smooth linear face, a substantially
smooth concave face and a substantially smooth
convex face over said outlet side (12B) of the inner
surface of said spacer ring (12); and

a straight line which joins both ends of said outlet side
(12B) of said inner surface of said spacer ring (12)
in a plane including the axial line of said spacer ring
(12), having an inclination angle within the range
of from 4° to 64° relative to said axial line of said
spacer ring {(12).

2. The horizontal type continuous casting machine as

claimed in claim 1, wherein;

the length (1) of said outlet side (12B) of said inner
surface of said spacer ring (12) is equal to or less
than said predetermined distance (L) of said pull
stroke of said at least one pair of pinch rolls.

3. The horizontal type continuous casting machine as

claimed in claim 1 or 2, wherein:

said inner bore (15) of said horizontal mold (6) and
said inner bore (13) of said spacer ring (12) have a
substantially circular cross-sectional shape.

4. The horizontal type continuous casting machine as

claimed in claim 1 or 2, wherein:

said inner bore (15) of said horizontal mold (6) and
said inner bore (13) of said spacer ring (12) have a
substantially square cross-sectional shape.

5. The horizontal type continuous casting machine as

claimed in claim 1 or 2, wherein:

said inner bore (15) of said horizontal mold (6) and
said inner bore (13) of said spacer ring (12) have a

substantially rectangular cross-sectional shape.
* % * * x
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